An efficient method for the synthesis of N α -protected amino/ peptide Weinreb amides (Nmethoxy-N-methylamides) employing N,N'-carbonyldiimidazole (CDI) has been achieved. N α -protected amino/peptide acids were treated with N,N'-carbonyldiimidazole, followed by the addition of N,O-dimethylhydroxylamine hydrochloride salt to yield the desired compounds. The synthesized compounds were mainly gums, a few were solids, after the simple workup, and were characterized by IR, 1 H NMR, 13 C NMR and HRMS. The Weinreb amides were subjected to in silico studies, to predict the preferred orientation and binding affinity between the molecules using scoring functions. The ligand N-Fmoc-L-Phe-N(OCH3)CH3 showed minimum binding energy -29.85 kcal/mol with Escherichia coli and the ligand N-Fmoc-L-Ala-N(OCH3)CH3 showed minimum binding energy -24.79 kcal/mol with Pseudomonas aeruginosa, -25.01 kcal/mol with Staphylococcus aureus. Based on the minimum binding energies, antibacterial activities have been conducted for a few of the synthesized compounds.
Introduction
Weinreb amides have wide importance in organic synthesis due to their versatile reactivity with nucleophiles and selective reduction to aldehydes. Weinreb amides derived from amino acids have been extensively used as precursors in the preparation of α-amino aldehydes and α-amino ketones. They are selectively reduced to aldehydes using LiAlH4 and form ketones upon reaction with Aromatic amides and esters have been synthesized by in situ activation of hydroxy acids using CDI mediated coupling. 20 N,N′-carbonyldiimidazole is one of several universally used reagents for the activation carboxyl groups. It is relatively cheap and the byproducts are carbon dioxide and imidazole. Therefore, an efficient method for the synthesis of N α -protected-amino-peptidyl Weinreb amides is desirable. Herein, we report an efficient, one pot synthesis of N α -protected amino acid/peptide acid-derived Weinreb amides employing CDI as activating agent. The prepared compounds were screened for in silico molecular docking studies and in vitro antibacterial activities. Docking aims to predict accurately the structure of a ligand within the constraints of a receptor binding site and correctly to estimate the strength of binding between the molecules. 21, 22 Results and Discussion Chemistry: For the synthesis of the N α -protected Weinreb amides (2a-2m), N α -protected amino acid was dissolved in THF; CDI was added at 0° C and the solution was stirred for about 10 min. Then, N,O-dimethylhydroxylamine hydrochloride salt in dry DCM neutralized by the addition of N-methylmorpholine (NMM) was added. The reaction mixture was stirred till the completion of the reaction as indicated by TLC. After simple work up, the desired products were obtained in good yield (Scheme 1). In this way several Weinreb amides were synthesized from N α -protected Fmoc/Cbz/Boc amino acids (Table 1) . 
The docking results for top five compounds against all the three different receptor proteins are tabulated in table 3. Fmoc
Fmoc-L-Ser-N(OCH3)CH3 -24.01 
Conclusions
In the present work, we have used Fmoc/Cbz/Boc α-amino/peptide acids as precursors for the preparation of Fmoc/Cbz/Boc α-amino/peptidyl Weinreb amides. The carboxylic group of amino acids was activated using CDI followed by the coupling reaction with N, O-dimethyl hydroxylamine hydrochloride salt to obtain the title products. This protocol is an efficient method for the synthesis of Weinreb amides. All the products were isolated after simple work up and were fully characterized by IR, 1 H NMR, 13 C NMR and mass spectroscopy. Finally, the synthesized products were subjected to molecular docking studies and antibacterial activities employing 
Experimental Section
General. All chemicals were purchased from Sigma-Aldrich and Merck and used without purification. The solvents were freshly distilled before use. Melting points were taken in open capillaries. TLC analysis was carried out using precoated silica gel F254. IR spectra were recorded on Agilent Cary 620 FT-IR spectrometer. 1 H NMR spectra were done on a Bruker AMX 400 MHz spectrometer using Me4Si as an internal standard and CDCl3 as a solvent. Mass spectra were recorded on a Micromass Q-ToF Micro Mass Spectrometer. Acronyms in this section are defined as follows: CDI carbonyldiimidazole; THF tetrahydrofuran; DCM dichloromethane; NMM Nmethylmorpholine; Boc, Fmoc, Cbz -as defined in the compound names. General procedure for the synthesis of N α -protected amino/peptidyl Weinreb amides. To a stirred solution of protected amino/peptide acid (1 mmol) in THF, NMM (1.5 mmol) and CDI (1.5 mmol) was added at 0 °C, followed by the addition of N,O-dimethylhydroxylamine hydrochloride (1.1 mmol) in dry DCM (5-6 mL), neutralized with NMM. The reaction mixture was stirred till the completion of reaction. THF was removed and the product was extracted into ethyl acetate and the organic layer was washed with hydrochloric acid solution (10 mL) or citric acid solution (in case of Boc-protected compounds), sodium carbonate solution (15mL × 2), water (15 mL) and brine (15 mL). It was dried over anhydrous sodium sulfate and concentrated.
Physical and spectral data of the synthesized compounds 
Biological Studies
To evaluate the binding efficacy and inhibitory effects of synthesized compounds, three protein targets from three different organisms, namely Escherichia coli, Pseudomonas aeroginosa and Staphylococcus aureus, were selected for this study. The X-ray crystallographic structure of enoyl-ACP reductase (1C14) Escherichia coli, X-ray crystallographic structure of LasR ligand binding domain bound to its natural ligand n-3-oxododecanoyl-L-homoserine lactone (2UV0) Pseudomonas aeroginosa and X-ray crystallographic structure of dehydrosqualene synthase (2ZCP) Staphylococcus aureus [24] [25] [26] respectively were obtained from Protein Data Bank (PDB) 23 . The prepared targets were then used for molecular docking studies 27 which will predict possible ligand interactions with the active site residues that can inhibit protein activity. To perform docking, FlexX module of LeadIT software was used. 28 The LeadIT score obtained after the docking were considered to know the free binding energy (ΔG). Based on the very low binding energy and maximum possible intermolecular interactions, best lead compounds with strong binding efficacy were finalized. 2D structures of all the ligands were drawn in ChemDraw Ultra 8.0 and were exported as mol file for further processing in DS 3.5. The generated conformers were optimized using CHARMm force field 29 and then minimized. Each selected conformers were then grouped into one library file and were subjected to docking. The FlexX docking score correlates with the binding affinity of the molecules with the target. Antibacterial activity was screened by Agar well diffusion method 30 against three pathogenic bacterial strains, Escherichia coli MTCC1692, Pseudomonas aeroginosa MTCC1688 and Staphylococcus aureus MTCC3160 (one gram +ve and two gram -ve). Preliminary screening was done to check antibacterial activities of synthesized compounds over Muller-Hinton agar plates. The inhibition zones obtained were measured in millimeters against the Streptomycin sulfate standard. Finally, the average values were considered for the ultimate antibacterial activity.
